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Purpose: To evaluate the precise association of complement factor H (CFH) Val62Ile polymorphism with age-related 
macular degeneration (AMD) susceptibility. 

Methods: We performed a meta-analysis using databases including PubMed, EMBASE, and Web of Science to find 
relevant studies. Summary odds ratios (ORs) and 95% confidence intervals (CIs) were estimated using fixed-effect and 
random-effects models. The inconsistency index (I 2 ) was used to assess heterogeneity. Funnel plots and Egger's test were 
used to evaluate publication bias. Sensitivity analysis was also performed. 

Results: Fourteen studies including 4,438 patients with AMD and 6,099 controls based on the search criteria were in- 
volved in the meta-analysis. In overall populations, the pooled OR, for genotype GA+GG versus homozygous genotype 
AA was 2.28 (95% confidence interval (CI): 1.48-3.52), the OR, of heterozygous genotype GA versus AA was 1.58 (95% 
CI: 1.13-2.19), the OR 3 of homozygous genotype GG versus AA was 2.90 (95% CI: 1.95-4.30), and the OR 4 of allele G 
versus A was 1.77 (95% CI: 1.43-2.21). In Asian populations, our results provided substantial evidence that the Val62Ile 
variant was significantly associated with AMD (OR 4 =1.85, 95% CI: 1.63-2.09). However, in Caucasian populations, no 
significant association of Val62Ile with AMD was established in all circumstances. 

Conclusions: Our analysis provides substantial evidence that the Val62Ile variant is significantly associated with AMD 
in Asian populations. However, our results have demonstrated no link between the Val62Ile polymorphism and AMD 
in Caucasian populations. 



Age-related macular degeneration (AMD), a leading 
cause of irreversible blindness among older individuals in 
developed countries, is known as a complex disease because 
of multiple environmental risk factors and genetic factors or 
the interactions among those factors [1]. The early stage of 
AMD is characterized by large drusen and pigmentary abnor- 
malities in the retinal pigment epithelium. With progression 
to an advanced stage, AMD is manifested by geographic 
atrophy or the development of choroidal neovasculariza- 
tion and subretinal neovascular fibrous tissue (exudative or 
neovascular AMD) [2]. Exudative AMD includes neovascular 
AMD (nAMD) and serous retinal pigment epithelial detach- 
ment without choroidal neovascularization, while polypoidal 
choroidal vasculopathy and retinal angiomatous prolifera- 
tion (RAP) have been defined as specific forms of exudative 
AMD [3]. Many studies have indicated that the risk of AMD 
increases rapidly with aging, especially in people older than 
50, and the prevalence of AMD is expected to increase by 
50% in the next decade [4]. 
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Although the precise cause of AMD remains elusive, 
recent genetic studies have provided significant insights 
into the molecular basis of AMD. Some of these candidate 
genes such as complement factor H (CFH), high temperature 
required factor Al (HTRA1), and age-related maculopathy 
susceptibility 2 (ARMS2) genes have been reported to 
increase the risk of AMD [5-7]. The Val62Ile coding variant 
(rs800292) in CFH on chromosome lq32 has been extensively 
studied via genetic and molecular approaches, which provide 
strong statistical evidence for disease association and a plau- 
sible biologic context supporting this variant as an attractive 
candidate for a causal polymorphism leading to the develop- 
ment of AMD [8-10]. However, there are obvious differences 
in the occurrence of disease-susceptible single nucleotide 
polymorphisms (SNPs) between Asian and Caucasian popu- 
lations [11,12]. The compelling association between Val62Ile 
and AMD observed in European cohorts is not as relevant to 
the disease risk in populations with Asian ancestry. Notably, 
the risk allele is less common in Asians. Its frequency is 0.614 
in the HapMap database of Japanese in the Tokyo population 
and 0.533 in Han Chinese in the Beijing population compared 
with 0.808 in the CELT (Utah residents with ancestry from 
Northern and Western Europe) population, which makes it 
difficult to detect a positive signal because of insufficient 
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statistical power. Furthermore, the population heteroge- 
neity and bias from case-control and cohort study warrant 
confirmation of the association of Val62Ile with AMD across 
different studies in different populations. In this study, we 
performed a robust meta-analysis on currently available 
literature to assess the relationship between the Val62Ile 
variant and AMD. 

METHODS 

Identification and eligibility of relevant studies: To search for 
all the studies that examined the association of the Val62Ile 
polymorphism with all subforms of AMD, we conducted a 
computerized literature search of the PubMed, EMBASE, 
and Web of Science databases, using the following keywords 
and subject terms: "macular degeneration" or "AMD," 
"complement factor H," "polymorphism," "Val62Ile," or other 
alternative names (rs800292, 184G>A, V62I, and I62V). The 
electronic retrieval was restricted to English literature and 
supplemented by the assessment of references of published 
studies. All related articles should have been published before 
December 31, 2011. Articles were included only if they met all 
of the following six criteria: (1) All patients had a complete 
ophthalmic examination, including slit-lamp biomicroscopy 
and fundus photography. The diagnostic criteria of AMD 
based on the clinical features and grading were classi- 
fied using a standard grid suggested by the International 
Age-related Maculopathy Epidemiologic Study Group for 
age-related maculopathy. (2) Study design was limited to 
case-control study, cohort study, or population-based epide- 
miological survey. (3) The major study objective was to 
evaluate the relationship between CFH polymorphisms and 
all subforms of AMD. (4) The study must present available 
data on allele and genotype distributions for case and control 
subjects. The allele was G/A, and the genotypes covered 
GG, GA, and AA. (5) The study was written in English and 
published in peer-reviewed journals. (6) For repeated reports, 
the latest report or the report with the maximum sample 
numbers was selected. 

Data extraction and quality evaluation: The data extraction 
and quality evaluation were performed by two reviewers 
(DQY and QY) independently. A structured form was used 
to evaluate each paper according to its validity and accuracy 
(including the name of the first author, year of publication, 
ethnicity, phenotype of cases evaluated, sample size, mean 
age and gender ratio of study participants, methods for 
genotyping, and allele and genotype distributions in cases 
and controls). The third reviewer (XYL) would participate 
in a debate if the two reviewers had any disagreement on the 
data, and the final decision was based on the opinions of all 



© 2013 Molecular Vision 

three reviewers. The Newcastle-Ottawa Scale was also used 
to assess the quality of individual studies. 

Statistical analysis: Hardy-Weinberg equilibrium (HWE) 
was tested with a goodness-of-fit to compare the observed 
genotype frequencies with the expected ones among the 
control subjects. Software Review Manager (version 5.0, the 
Cochrane Collaboration, Oxford, England) was used for the 
meta-analysis. The following four odds ratios (ORs) and their 
95% confidence intervals (95% CIs) were calculated in each 
study: OR, for (GG+GA) versus AA, OR 2 for GA versus AA, 
OR 3 for GG versus AA, and OR 4 for allele G versus A. The 
inconsistency index (I 2 ) was used to test the heterogeneity. If 
I 2 <40%, it was considered that the heterogeneity might not be 
important; if I 2 was between 30% and 60%, it may represent 
moderate heterogeneity; if I 2 was between 50% and 90%, it 
may represent substantial heterogeneity; if I 2 was between 
75% and 100%, considerable heterogeneity exists. In the case 
of large heterogeneity (I 2 >40%), random-effects models were 
more appropriate since they were usually more conservative. 
When heterogeneity was absent or moderate, random- effects 
and fixed-effect methods were coincided. To assess the publi- 
cation bias and small-study bias, a funnel plot of the data 
was applied. In addition, Egger's test was used with Stata 
10.0 software (Stata Corporation, College Station, TX) to 
detect publication bias. We performed a sensitivity analysis 
by removing the unreliable study that deviated from HWE in 
the control group before performing the meta-analysis again. 

RESULTS 

Selection of studies: After literature search and selection 
applying our inclusion criteria, we identified 20 relevant 
articles [13-32]. Among the 20 eligible studies, two studies 
with duplicate data were excluded [13-15]. Moreover, three 
studies with incomplete data were deleted [16-18]. Finally, 
14 studies containing 4,438 patients with AMD and 6,099 
controls, which were intended to examine the connec- 
tion between the Val62Ile polymorphism and AMD, were 
collected as appropriate for the meta-analysis [19-32]. Figure 
1 shows the flowchart of the selection process used to identify 
the studies concerned. Appendix 1 lists the studies included 
in the meta-analysis and the summary characteristics of the 
study subjects. In the eligible studies, there were 10 studies 
of Asians and four studies of Caucasians. The average ages 
ranged from 63.8 to 79.5 in the case groups and 51.2 to 78.4 in 
the control groups. Sex ratios (male/female) in the two groups 
varied from 0.51 (42/83) to 3.18 (143/45) in the case groups 
and 0.75 (40/53) to 1.15 (722/629) in the control groups. None 
of the 14 studies demonstrated significant deviation from the 
Hardy-Weinberg equilibrium among the control subjects. 
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PubMed, EMBASE and Web of 
Sicence, 70 potentially relevant studies 
identified and screened 



48 potentially relevant studies 
eligible after duplicates 
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1. Studies with duplicate data, n=3 

2. Studies with incomplete data, n=3 






14 titles 





Figure 1. Results of the literature 
search strategy. 



Meta-analysis: Allele and genotype distributions for the 
Val62Ile variant from individual studies are shown in Table 1. 
The main results of this meta-analysis and the heterogeneity 
test are shown in Table 2. Table 3 shows the assessment of 
quality of all included studies with the Newcastle-Ottawa 
Scale. 

Analysis in overall populations: The association of the 
CFH Val62Ile polymorphism with all subforms of AMD 
was investigated in 14 studies with a total of 4,438 cases 
and 6,099 controls. We detected significant between-study 
heterogeneity in the comparison of (GG+GA) versus AA, GA 
versus AA, GG versus AA, and allele G versus A. Therefore, 
pooled ORj, OR 7 , OR 3 , and OR 4 were all estimated based 
on the random- effects models. We found a significant rela- 
tionship between the Val62Ile polymorphism and AMD in 
overall populations [(GG+GA) versus AA: OR=2.28, 95% 
CI: 1.48-3.52; GA versus AA: OR,=1.58, 95% CI: 1.13-2.19; 
GG versus AA: OR =2.90, 95% CI: 1.95-4.30; and allele G 
versus A: OR 4 =1.77, 95% CI: 1.43-2.21]. We also used the 
adjusted estimates for our analysis to minimize the bias, 



and the adjusted OR3 for GG versus AA were 2.945 (95% 
CI: 2.19-3.96) in Asian populations and 2.947 (95% CI: 
0.77-11.23) in Caucasian populations (Table 4). 

Analysis in Asian populations: The meta-analysis included 10 
studies (2,771 cases and 3,043 controls) in Asian populations. 
We detected significant between-study heterogeneity in all 
other comparisons, and the random-effects model was used in 
that situation except GA versus AA. The heterogeneity with 
the I 2 test showed no statistical significance in GA versus 
AA models, and the fixed-effect model was used to evaluate 
the association of Val62Ile with AMD. Our analysis provides 
substantial evidence that the Val62Ile variant is significantly 
associated with AMD in Asian populations [(GG+GA) versus 
AA: OR=2.28, 95% CI: 1.75-2.97; GA versus AA: OR,=1.64, 
95% CI: 1.30-2.08; GG versus AA: OR 3 =3.18, 95% CI: 2.37- 
4.28; allele G versus A: OR 4 =1.85 and 95% CI: 1.63-2.09]. 

Analysis in Caucasian populations: The meta-analysis 
included four studies (1,667 cases and 3,056 controls) in 
Caucasian populations. The I 2 test of heterogeneity was 
significant in all the comparisons of OR p OR 2 , OR 3 , and 
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Table 1. Distribution of the Val62Ile genotype for cases and controls and the allele frequencies. 



Authors 


Case 


genotype 


Control (N) 


<; 


;enotype 


'HWE 


(N) 


GG/GA/AA 


A/G 


GG/GA/AA 


A/G 


P value 


b Hageman et al. [19] 


228 


190/34/4 


42/414 


68 


44/18/6 


30/106 


0.0577 


'Hageman et al. [19] 


546 


395/135/16 


167/925 


261 


148/90/23 


136/386 


0.0896 


Chen et al. [20] 


163 


95/55/13 


81/245 


244 


96/110/38 


186/302 


0.4883 


Fuse et al. [21] 


80 


40/31/9 


49/111 


192 


86/84/22 


128/256 


0.8286 


Mori et al. [22] 


188 


102/71/15 


101/275 


139 


42/73/24 


121/157 


0.4209 


Kim et al. [23] 


114 


60/42/12 


66/162 


187 


55/87/45 


177/197 


0.3606 


Lee et al. [24] 


72 


41/27/4 


35/109 


93 


36/41/16 


73/113 


0.4664 


Xing et al. [25] 


350 


9/100/241 


582/118 


2365 


154/868/1343 


3554/1176 


0.3901 


Bergeron et al. [26] 


421 


324/84/13 


110/732 


215 


123/77/15 


107/323 


0.5382 


Goto et al. [27] 


191 


94/89/8 


105/277 


188 


60/92/36 


164/212 


0.9447 


Hayashi et al. [28] 


947 


538/341/68 


477/1417 


1338 


456/649/233 


1115/1561 


0.9365 


Hecker et al. [29] 


122 


91/31/0 


31/213 


147 


85/51/11 


73/221 


0.392 


Liu et al. [30] 


222 


100/92/30 


152/292 


235 


78/119/38 


195/275 


0.5099 


Yang et al. [31] 


109 


56/40/13 


66/152 


150 


51/69/30 


129/171 


0.4505 


Tanaka et al. [32] 


685 


386/263/36 


335/1035 


277 


100/141/36 


213/341 


0.2091 



'HWE=Hardy- Weinberg Equilibrium; b Hageman=2005a in Iowa cohort; c Hageman=2005b in Columbia cohort. 



OR„. Therefore, the random-effects model was used in all 
comparisons. No significant association of Val62Ile with 
AMD was established in four contrasts in Caucasian popula- 
tions [(GG+GA) versus AA: OR=2.58, 95% CI: 0.84-7.91; 
GA versus AA: OR 2 =1.56, 95% CI: 0.70-3.45; GG versus 



AA: OR 3 =2.83, 95% CI: 0.76-10.62; and allele G versus A: 
OR 4 =1.73, 95% CI: 0.91-3.30]. 

Evaluation of publication bias: The shapes of the funnel 
plots were used to evaluate evidence of obvious asymmetry 
(funnel plots not shown). Meanwhile, we assessed funnel 



Table 2. Meta-analysis of the association of Val62Ile polymorphism with AMD. 



Polymor- 
phism 


study 


No. of 
studies 


sample size 
(No.) 




Test of association 




Heterogeneity 


case 


control 


OR (95%CI) 


Z 


P value 


Model 


12% 


GG+GA a vs 


Overall 


14 


4438 


6099 


2.28 (1.48-3.52) 


3.74 


0.0002 


b R 


88 


AA 






















Asian 


10 


2771 


3043 


2.28 (1.75-2.97) 


6.13 


<0.00001 


R 


46 




Caucasian 


4 


1667 


3056 


2.58 (0.84-7.91) 


1.66 


0.1 


R 


91 


GA versus 


Overall 


14 


1917 


4485 


1.58 (1.13-2.19) 


2.71 


0.007 


R 


75 


AA 






















Asian 


10 


1259 


1983 


1.64(1.30-2.08) 


4.13 


<0.00001 


°F 


27 




Caucasian 


4 


658 


2502 


1.56 (0.70-3.45) 


1.09 


0.28 


R 


79 


GG versus 


Overall 


14 


3003 


3530 


2.90(1.95-4.30) 


5.28 


<0.00001 


R 


78 


AA 






















Asian 


10 


1720 


1578 


3.18 (2.37-4.28) 


7.66 


<0.00001 


R 


52 




Caucasian 


4 


1283 


1952 


2.83 (0.76-10.62) 


1.54 


0.12 


R 


90 


G versus A 


Overall 


14 


8876 


12,198 


1.77 (1.43-2.21) 


5.13 


<0.00001 


R 


89 




Asian 


10 


5542 


6086 


1.85 (1.63-2.09) 


9.77 


O.OOOOl 


R 


46 




Caucasian 


4 


3334 


6112 


1.73 (0.91-3.30) 


1.66 


0.1 


R 


95 



a vs: versus; b R=random-effect model; c F=fixed-effect model. 
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Table 3. Assessment of study quality. 



Published year study Quality indicators from Newcastle-Ottawa Scale* 



1 234 5A5B678 

Case-control studies 



2005 a 


Hageman et al. 


Yes 


Yes 


No 


Yes 


Yes 


No 


No 


Yes 


No 


zUUj 


Hageman et al. 
[19] 


Vac 
ICS 


Vac 

Yes 


XT,-, 
JNO 


Vac 

Yes 


Vac 

Yes 


XT,^ 

JNO 


XT,-, 

INO 


Vac 

Yes 


XT,-, 
INO 




Chan M ni r?m 


Vac 

I LS 


V ac 
1 LS 


Kin 

JNO 


Vac 

ies 


IN O 


I LS 


VTn 

IN O 


Vac 
I LS 


VTn 
IN O 


ZUUo 


Fuse et al. [21] 


Vac 
ICS 


Vac 

Yes 


XT,-, 

JNO 


Vac 

Yes 




XT,^ 

INO 


XT,-, 
INO 


Vac 

Yes 


XT,-, 

INO 


ZUU / 


ivion et ai. L-^-^J 


Vac 

ICS 


Vac 

Yes 


INO 


Vac 

Yes 


Vac 

Yes 


Van 

I cs 


XT r* 


Voc- 
YCS 


XT r* 

INO 


ZUUft 


Kim et al. [Z3J 


Vac 

Yes 


Vac 

Yes 


NO 


Vac 

Yes 


Vac 
Y CS 


"Van 

Yes 


XT,-, 


Vac 

Yes 


XT,-, 

JNO 


2008 


Lee et al. [24] 


Yes 


Yes 


No 


Yes 


No 


No 


No 


Yes 


No 


2009 


Bergeron et al. 
[26] 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


No 


Yes 


No 


2009 


Goto et al. [27] 


Yes 


Yes 


No 


Yes 


Yes 


No 


No 


Yes 


No 


2010 


Hayashi et al. 
[28] 


Yes 


Yes 


Yes 


Yes 


No 


No 


No 


Yes 


No 


2010 


Hecker et al. [29] 


Yes 


Yes 


No 


Yes 


No 


No 


No 


Yes 


No 


2010 


Liu et al. [30] 


Yes 


Yes 


No 


Yes 


Yes 


No 


No 


Yes 


No 


2010 


Yang etal. [31] 


Yes 


Yes 


No 


Yes 


Yes 


No 


No 


Yes 


No 


2011 


Tanaka et al. [32] 


Yes 


Yes 

Cohort 


No 


Yes 


Yes 


No 


No 


Yes 


No 


2008 


Xing et al. [25] 


Yes 


Yes 


Yes 


Yes 


No 


No 


No 


Yes 


No 



*For case-control studies, 1, indicates cases independently validated; 2, cases are representative of population; 3, community controls; 
4, controls have no history of AMD; 5A, study controls for age; 5B, study controls for additional factor(s); 6, ascertainment of exposure 
by blinded interview or record; 7, same method of ascertainment used for cases and controls; and 8, nonresponse rate the same for cases 
and controls. For cohort studies, 1 indicates exposed cohort truly representative; 2, nonexposed cohort drawn from the same community; 
3, ascertainment of exposure; 4, outcome of interest not present at start; 5A, cohorts comparable on basis of age; 5B, cohorts comparable 
on other factor(s); 6, quality of outcome assessment; 7, follow-up long enough for outcomes to occur; and 8, complete accounting for 
cohorts. 2005 a =Hageman et al.'s study in Iowa cohort; 2005 b =Hageman et al.'s study in Columbia cohort. 



plot asymmetry with Egger's linear regression test. The 
intercept provided a measure of asymmetry, and the larger 
the deviation from zero, the more pronounced the asym- 
metry. The results of Egger's linear regression test are shown 
in Appendix 2. The results of the funnel plots are shown in 
Appendix 3, Appendix 4, and Appendix 5. There was no 
publication bias for all comparisons in Asian populations 
and Caucasian populations. However, in the contrasts of the 
GG+GA versus AA model and the GA versus AA model in 
the overall populations, the shapes of the funnel plots were 
slightly asymmetric. Then, the Egger's test results indicated 
significant publication bias in the two comparisons. 

Sensitivity analysis: In our analysis, no study deviated from 
HWE in the control groups. However, in the Xing et al. study 
the genotype distribution was completely different from 
the others. Therefore, we performed sensitivity analysis by 



removing that study. In the overall populations, the results 
of the sensitivity analysis were as follows: [(GG+GA) versus 
AA: OR=2.44, 95% CI: 1.93-3.08; GA versus AA: OR 2 =1.69, 
95% CI: 1.37-2.08; GG versus AA: OR 3 =3.35, 95% CI: 2.62- 
4.29; and allele G versus A: OR 4 =1.93 and 95% CI: 1.75-2.13]. 
In the Caucasian populations, the results of the sensitivity 
analysis were significantly different [(GG+GA) versus AA: 
OR =3.22, 95% CI: 2.02-5.11; GA versus AA: OR 2 =1.97, 95% 
CI: 1.14-3.39; GG versus AA: OR 3 =3.96, 95% CI: 2.49-6.29; 
and allele G versus A: OR 4 =2.15 and 95% CI: 1.82-2.55]. 

DISCUSSION 

In the present study, our meta-analysis focused on the rela- 
tionship between the Val62Ile polymorphism and AMD risk 
in different populations. In the overall populations, we found 
a significant association between the Val62Ile variant and 
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Table 4. Forest plot based on the GG versus AA group of the random-effect model with adjusted data. 



Study 


OR 




[95% Conf. Interval] 


% Weight 


Asian 


Chen 2006 [20] 


2.490 


1.150 


5.370 


6.97 


Fuse 2006 [21] 


1.140 


0.480 


2.690 


6.48 


Goto 2009 [27] 


7.050 


3.070 


16.200 


6.64 


Hayashi 2010 [28] 


4.040 


3.000 


5.440 


9.34 


Kim 2008 [23] 


3.957 


1.835 


8.535 


6.98 


L,QQ ZUUo 


J.ZZU 


1. jUU 


lo.ZUU 




t in 7010 roi 
Liu zuiu L-?vjj 


1 £70 
i .ozu 


o Q70 
u.yzu 


Z.o JU 


8 OS 
o.Uo 


TVTrtri 7007 [111 

iviur i zuu / [zzj 


i son 


1 s^o 


s 1 in 


7 1 ^ 

/.I J 


TanaVn 701 1 R71 
lallaK.dZ.Ull L-?Z,J 


7 470 


1 7Q0 

1 . / 7U 




Q 7S 


Vnnrr 7010 R11 
I allg ZUIU [JlJ 


9 ^10 
Z. jjU 


1 1 qo 


^ ISO 


7 Of<. 






Sub-total 






ij+l pooled uk 


z.y^j 


Z.lo / 




/Z.o4 






Caucasian 






Daritai-fin 7AAG H&l 

rsergeron zuuy [zoj 


j./UU 


i .ouu 


c ir\r\ 
oJUU 


O.OV 


Hageman ZUloa [1VJ 


£. A OA 


l./MJ 


Z3.V3U 


A £. 

4.4o 


Hageman 2005b [19] 


3.840 


1.970 


7.460 


7.54 


Hecker 2010 [29] 


24.610 


1.430 


424.130 


1.46 


Xing 2008 [25] 


0.310 


0.150 


0.640 


7.21 






Sub-total 






D+L pooled OR 


2.947 


0.774 


11.226 


27.36 






Overall 






D+L pooled OR 


2.788 


1.922 


4.046 


100.00 



OR=odds ratio in random-effect model; 95% CI=95% confidence interval. 



AMD. In Asian populations, the results of the meta-analysis 
suggested that the G allele was significantly associated with 
AMD risk. However, in Caucasian populations, based on 
four case-control studies, no significant link between the 
Val62Ile polymorphism and AMD was detected under all 
genetic models. However, in the sensitivity analysis after the 
Xing et al. study was removed, the Val62Ile polymorphism 
was significantly associated with AMD risk in Caucasian 
populations. 

Variants in the CFH gene, such as Y402H (Tyr402His) 
and Val62Ile, have been shown to be strongly associated with 
AMD in different ethnic groups; however, there are obvious 
differences in the occurrence of disease-susceptible SNPs 
between Asian and Caucasian populations [11,12,20,25]. 
Although the causative nature of the Val62Ile variant has 
not been fully proven, several lines of evidence provide 
significant insight into the mechanist basis for the associa- 
tion between the risk allele defined by this variant and AMD. 



Notably, Tortajada et al. [33] reported that the Val62Ile substi- 
tution in short consensus repeat (SCR) 1 of CFH increases 
its affinity for C3b; thus, when compared to CFH-Val62, 
CFH-Ile62 competes more efficiently with complement 
factor B (CFB) for C3b binding in proconvertase formation 
and acquires enhanced cofactor activity for the complement 
factor I (CFI) mediated cleavage of C3b proteolysis; however, 
its decay accelerating activity is not altered. These findings 
show that CFH-Ile62 is a better alternative pathway conver- 
tase inhibitor and provides an explanation for the association 
of the CFH-Ile62 variant with protection in three distinct 
disorders linked by alternative pathway dysregulation. The 
fact that the Val62Ile substitution affects binding to C3b but 
not decay-accelerating activity suggests that different regions 
in CFH may be involved in binding C3b/cofactor activity and 
in decay-accelerating activity. 

Heterogeneity is a potential problem when interpreting 
results of all meta-analyses [34]. In our analysis, significant 
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heterogeneity between studies may exist in overall compari- 
sons in each genetic model except the GA versus AA model 
in Asian populations. The observed heterogeneity could be 
attributable to differences in several factors such as ethnic 
variations, environmental factors, and methodological factors 
in the design and conduct of the studies. Among these risk 
factors, ethnic variations could play a crucial role. After 
subgroup analysis by race, the heterogeneity was effectively 
decreased in Asian populations, but no significant change 
was found in Caucasian populations. To minimize the bias, 
we have tried to do our analysis as follows: First, we used the 
Newcastle-Ottawa Scale to assess the quality of individual 
studies [34], and the results were shown in the revised manu- 
script. Second, we performed a publication bias analysis for 
all four comparisons. Third, we recalculated all the statistics, 
and the adjusted estimates were used in our general analysis: 
the adjusted OR of (GG versus AA) in overall populations 
indicated that patients with homozygote of risk allele might 
be at twofold risk for AMD. Due to the small number of 
studies in our research, the random- effects model was more 
acceptable to improve the accuracy of our conclusions. In 
the contrasts of the GG+GA versus AA model and the GA 
versus A A model in the overall populations, the shapes of the 
funnel plots and the Egger's test results showed significant 
publication bias; however, the results of Egger's test in Asian 
and Caucasian populations did not show significant publi- 
cation bias in the two contrasts. Race might be the crucial 
factor for the different results of AMD risk. Xing et al.'s 
[25] regression coefficient estimates suggest the minor allele 
G of Val62Ile is deleterious to the filtering capacity of the 
kidney, but protective against AMD susceptibility, which is 
completely different from other studies. They concluded that 
the Val62Ile variant may not be the major genetic determinant 
underlying the connection between the renal and ocular traits, 
and the allelic architecture of causal variants for these two 
diseases may be fairly complex. That might explain the high 
publication bias among the overall populations. Meanwhile, 
the results of the sensitivity analysis in Caucasian populations 
also demonstrated that the Val62Ile variant was significantly 
associated with AMD by removing that study. Furthermore, 
in Chen et al.'s study [20], three other alleles, T, G, and C, 
respectively, for SNPs in the promoter (rs3753394), exon 2 
(rs800292), and intron 15 (rsl329428) located in a common 
haplotype TGTC (with an estimated haplotype frequency 
of 56%), and the loci rs800292 and rs3753394, which were 
in high linkerd dimorphisms (LD) with rsl329428, were 
significantly associated with exudative AMD adjusted for 
age, gender, and smoking. Mori et al. [22] also reported that 
the V62I variant was in moderately high LD with rsl4100996 
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and rs2274700. The gene-gene interaction was tested to be 
one of the risk factors for AMD. 

The present meta-analysis has several limitations. First, 
we restricted our search to studies published in English; thus, 
we may have missed articles published in other languages. 
Second, a more precise analysis should be conducted if we 
increase the samples and estimate them based on the adjusted 
analysis. Third, because of the complex nature of AMD, it is 
unlikely that an SNP in a single gene would be obviously asso- 
ciated with an increase in AMD risk, without consideration of 
other polymorphic susceptible genes. Except CFH Val62Ile 
variants, other complement factors gene polymorphisms such 
as Y402H, C3 and CFB, which have been studied extensively 
in different populations [35-38], need to be studied in this 
population to understand the impact of these variations on 
the onset and progression of AMD. Finally, since the number 
of studies included in each comparison of our research was 
limited, especially in Caucasian populations, the conclusions 
remain to be confirmed by further studies. 

In conclusion, our analysis provides substantial evidence 
that the CFH Val62Ile variant is significantly associated with 
AMD in Asians populations. However, our results failed to 
demonstrate the link between the Val62Ile polymorphism 
and AMD in Caucasian populations. Further prospective 
research, with more participants and fully confounding risk 
factors considered, is warranted to examine the possible 
effects of this variation on AMD. 

APPENDIX 1. 

General characteristics of the included studies. To access the 
data, click or select the words "Appendix 1." 

APPENDIX 2. 

Egger's linear regression test to measure the funnel plot 
asymmetric. To access the data, click or select the words 
"Appendix 2." Egger's linear regression test to measure the 
funnel plot asymmetric. The results indicated significant 
publication bias in two comparisons of "GG+GA vs AA" and 
"GA vs AA" in overall populations. 

APPENDIX 3. 

To access the data, click or select the words "Appendix 3." 
The results of the funnel plots in all comparisons in overall 
populations. A was in comparison of "GG+GA vs AA"; B 
was in comparison of "GA vs AA"; C was in comparison "GG 
vs AA"; and D was in comparison "G vs A". 
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APPENDIX 4. 

To access the data, click or select the words "Appendix 4." 
The results of the funnel plots in all comparisons in Asian 
populations. A was in comparison of "GG+GA vs AA"; B 
was in comparison of "GA vs AA"; C was in comparison "GG 
vs AA"; and D was in comparison "G vs A". 

APPENDIX 5. 

To access the data, click or select the words "Appendix 5." 
The results of the funnel plots in all comparisons in Cauca- 
sion populations. A was in comparison of "GG+GA vs AA"; 
B was in comparison of "GA vs AA"; C was in comparison 
"GG vs AA"; and D was in comparison "G vs A". 

ACKNOWLEDGMENTS 

Dongqing Yuan (DQY) and Qin Yang (QY) are co-first 
authors, who have contributed equally to conceiving and 
designing the study; Dongqing Yuan, Qin Yang, Xiaoyi Liu 
(XYL) and Donglan Yuan (DLY) performed the experi- 
ment and analysis; Songtao Yuan (STY), Ping Xie (PX) 
and Qinghuai Liu (QHL) critically revised the manusicript 
and participated in paper modification; Dongqing Yuan, 
Qin Yang and Xiaoyi Liu were responsible for composing 
the manuscript. This research project was supported by 
National Basic Research Program of China (973 Program, 
No.2011CB510200), General Project of the National Natural 
Science Funds (No.81 170855 and No.81070743) and Research 
and Innovation Project for College Graduates of Jiangsu 
Province (No.CXZZ12_0586). The funders had no role in 
study design, data collection and analysis, decision to publish, 
or preparation of the manuscript. 

REFERENCES 

1. Seddon JM, Reynolds R, Yu Y, Daly MJ, Rosner B. Risk 

models for progression to advanced age-related macular 
degeneration using demographic, environmental, genetic, 
and ocular factors. Ophthalmology 2011; 118:2203-11. 
[PMID: 21959373]. 

2. Ferris FL, Davis MD, demons TE, Lee LY, Chew EY, Lind- 

blad AS, Milton RC, Bressler SB, Klein R. Age-Related Eye 
Disease Study (AREDS) Research Group. A simplified 
severity scale for age-related macular degeneration: AREDS 
Report No.18. Arch Ophthalmol 2005; 123:1570-4. [PMID: 
16286620]. 

3. Takahashi K, Ishibashi T, Ogur Y, Yuzawa M. Working Group 

for Establishing Diagnostic Criteria for Age-Related Macular 
Degeneration. Classification and diagnostic criteria of age- 
related macular degeneration. Nippon Ganka Gakkai Zasshi 
2008; 112:1076-84. [PMID: 19157028]. 



© 2013 Molecular Vision 

4. Jager RD, Mieler WF, Miller JW. Age-related macular 

degeneration. N Engl J Med 2008; 358:2606-17. [PMID: 
18550876]. 

5. Mailer J, George S, Purcell S, Fagerness J, Altshuler D, Daly 

MJ, Seddon JM. Common variation in three genes, including 
a noncoding variant in CFH, strongly influences risk of age- 
related macular degeneration. Nat Genet 2006;38:1055-9. 
[PMID: 16936732]. 

6. Seitsonen SP, Onkamo P, Peng G, Xiong M, Tommila PV, 

Ranta PH, Holopainen JM, Moilanen JA, Palosaari T, 
Kaarniranta K, Meri S, Immonen IR, Jarvela IE. Multifactor 
effects and evidence of potential interaction between comple- 
ment factor H Y402H and LOC387715 A69S in age-related 
macular degeneration. PLoS ONE 2008; 3:e3833-[PMID: 
19048105]. 

7. Sobrin L, Reynolds R, Yu Y, Fagerness J, Leveziel N, Bern- 

stein PS, Souied EH, Daly MJ, Seddon JM. ARMS2/HTRA1 
locus can confer differential susceptibility to the advanced 
subtypes of age-related macular degeneration. Am J 
Ophthalmol 2011; 151:345-52. [PMID: 21122828]. 

8. Arakawa S, Takahashi A, Ashikawa K, Hosono N, Aoi T, 

Yasuda M, Oshima Y, Yoshida S, Enaida H, Tsuchihashi 
T, Mori K, Honda S, Negi A, Arakawa A, Kadonosono K, 
Kiyohara Y, Kamatani N, Nakamura Y, Ishibashi T, Kubo M. 
Genome-wide association study identifies two susceptibility 
loci for exudative age-related macular degeneration in the 
Japanese population. Nat Genet 2011;43:1001-4. [PMID: 
21909106]. 

9. Tsuchihashi T, Mori K, Horie-Inoue K, Gehlbach PL, Kaba- 

sawa S, Takita H, Ueyama K, Okazaki Y, Inoue S, Awata 
T, Katayama S, Yoneya S. Complement factor H and high- 
temperature requirement A-l genotypes and treatment 
response of age-related macular degeneration. Ophthal- 
mology 2011; 118:93-100. [PMID: 20678803]. 

10. Heurich M, Martinez-Barricarte R, Francis NJ, Roberts DL, 

Rodriguez de Cordoba S, Morgan BP, Harris CL. Common 
polymorphisms in C3, factor B, and factor H collaborate 
to determine systemic complement activity and disease 
risk. Proc Natl Acad Sci USA 2011; 108:8761-6. [PMID: 
21555552]. 

11. Lima LH, Schubert C, Ferrara DC, Merriam JE, Imamura Y, 

Freund KB, Spaide RF, Yannuzzi LA, Allikmets R. Three 
major loci involved in age-related macular degeneration 
are also associated with polypoidal choroidal vasculopathy. 
Ophthalmology 2010; 117:1567-70. [PMID: 20378180]. 

12. Gotoh N, Yamada R, Hiratani H, Renault V, Kuroiwa S, Monet 

M, Toyoda S, Chida S, Mandai M, Otani A, Yoshimura N, 
Matsuda F. No association between complement factor H 
gene polymorphism and exudative age-related macular 
degeneration in Japanese. Hum Genet 2006; 120:139-43. 
[PMID: 16710702]. 

13. Ng TK, Chen LJ, Liu DT, Tarn PO, Chan WM, Liu K, Hu YJ, 

Chong KK, Lau CS, Chiang SW, Lam DS, Pang CP. Multiple 
gene polymorphisms in the complement factor h gene are 
associated with exudative age-related macular degeneration 



381 



Molecular Vision 2013; 19:374-383 <http://www.molvis.org/molvis/vl9/374> 

in Chinese. Invest Ophthalmol Vis Sci 2008; 49:3312-7. 
[PMID: 18421087]. 

14. Tam PO, Ng TK, Liu DT, Chan WM, Chiang SW, Chen LJ, 

DeWan A, Hoh J, Lam DS, Pang CP. HTRA1 variants in 
exudative age-related macular degeneration and interactions 
with smoking and CFH. Invest Ophthalmol Vis Sci 2008; 
49:2357-65. [PMID: 18316707]. 

15. Tanaka K, Nakayama T, Mori R, Sato N, Kawamura A, 

Mizutani Y, Yuzawa M. Associations of complement factor 
H (CFH) and age-related maculopathy susceptibility 2 
(ARMS2) genotypes with subtypes of polypoidal choroidal 
vasculopathy. Invest Ophthalmol Vis Sci 2011;52:7441-4. 
[PMID: 21896867]. 

16. Scholl HP, Fleckenstein M, Fritsche LG, Schmitz-Valckenberg 

S, Gobel A, Adrion C, Herold C, Keilhauer CN, Mackensen 
F, Mossner A, Pauleikhoff D, Weinberger AW, Mansmann 
U, Holz FG, Becker T, Weber BH. CFH, C3 and ARMS2 
are significant risk loci for susceptibility but not for disease 
progression of geographic atrophy due to AMD. PLoS ONE 
2009; 4:e7418-[PMID: 19823576]. 

17. Mori K, Horie-Inoue K, Gehlbach PL, Takita H, Kabasawa S, 

Kawasaki I, Ohkubo T, Kurihara S, Iizuka H, Miyashita Y, 
Katayama S, Awata T, Yoneya S, Inoue S. Phenotype and 
genotype characteristics of age-related macular degeneration 
in a Japanese population. Ophthalmology 2010; 117:928-38. 
[PMID: 20132989]. 

18. Brantley MA Jr, Osborn MP, Sanders BJ, Rezaei KA, Lu P, 

Li C, Milne GL, Cai J, Sternberg P Jr. Plasma biomarkers of 
oxidative stress and genetic variants in age-related macular 
degeneration. Am J Ophthalmol 2012; 153:460-7. [PMID: 
22035603]. 

19. Hageman GS, Anderson DH, Johnson LV, Hancox LS, Taiber 

AJ, Hardisty LI, Hageman JL, Stockman HA, Borchardt JD, 
Gehrs KM, Smith RJ, Silvestri G, Russell SR, Klaver CC, 
Barbazetto I, Chang S, Yannuzzi LA, Barile GR, Merriam 
JC, Smith RT, Olsh AK, Bergeron J, Zernant J, Merriam JE, 
Gold B, Dean M, Allikmets R. A common haplotype in the 
complement regulatory gene factor H (HF1/CFH) predis- 
poses individuals to age-related macular degeneration. Proc 
Natl Acad Sci USA 2005; 102:7227-32. [PMID: 15870199]. 

20. Chen LJ, Liu DT, Tam PO, Chan WM, Liu K, Chong KK, 

Lam DS, Pang CP. Association of complement factor H poly- 
morphisms with exudative age-related macular degeneration. 
MolVis 2006; 12:1536-42. [PMID: 17167412]. 

21. Fuse N, Miyazawa A, Mengkegale M, Yoshida M, Wakusawa 

R, Abe T, Tamai M. Polymorphisms in Complement Factor 
H and Hemicentin-1 genes in a Japanese population with dry- 
type age-related macular degeneration. Am J Ophthalmol 
2006; 142:1074-6. [PMID: 17157600]. 

22. Mori K, Gehlbach PL, Kabasawa S, Kawasaki I, Oosaki M, 

Iizuka H, Katayama S, Awata T, Yoneya S. Coding and 
noncoding variants in the CFH gene and cigarette smoking 
influence the risk of age-related macular degeneration in 
a Japanese population. Invest Ophthalmol Vis Sci 2007; 
48:5315-9. [PMID: 17962488]. 



© 2013 Molecular Vision 

23. Kim NR, Kang JH, Kwon OW, Lee SJ, Oh JH, Chin HS. 

Association between complement factor H gene polymor- 
phisms and neovascular age-related macular degeneration 
in Koreans. Invest Ophthalmol Vis Sci 2008;49:2071-6. 
[PMID: 18223247]. 

24. Lee KY, Vithana EN, Mathur R, Yong VH, Yeo IY, Thala- 

muthu A, Lee MW, Koh AH, Lim MC, How AC, Wong DW, 
Aung T. Association analysis of CFH, C2, BF, and HTRA1 
gene polymorphisms in Chinese patients with polypoidal 
choroidal vasculopathy. Invest Ophthalmol Vis Sci 2008; 
49:2613-9. [PMID: 18515590]. 

25. Xing C, Sivakumaran TA, Wang JJ, Rochtchina E, Joshi T, 

Smith W, Mitchell P, Iyengar SK. Complement factor H 
polymorphisms, renal phenotypes and age-related macular 
degeneration: the Blue Mountains Eye Study. Genes Immun 
2008; 9:231-9. [PMID: 18340363], 

26. Bergeron-Sawitzke J, Gold B, Olsh A, Schlotterbeck S, Lemon 

K, Visvanathan K, Allikmets R, Dean M. Multilocus analysis 
of age-related macular degeneration. Eur J Hum Genet 2009; 
17:1190-9. [PMID: 19259132]. 

27. Goto A, Akahori M, Okamoto H, Minami M, Terauchi N, 

Haruhata Y, Obazawa M, Noda T, Honda M, Mizota A, 
Tanaka M, Hayashi T, Tanito M, Ogata N, Iwata T. Genetic 
analysis of typical wet-type age-related macular degen- 
eration and polypoidal choroidal vasculopathy in Japanese 
population. J Ocul Biol Dis Infor 2009; 2:164-75. [PMID: 
20157352]. 

28. Hayashi H, Yamashiro K, Gotoh N, Nakanishi H, Nakata I, 

Tsujikawa A, Otani A, Saito M, Iida T, Matsuo K, Tajima 
K, Yamada R, Yoshimura N. CFH and ARMS2 variations 
in age-related macular degeneration, polypoidal choroidal 
vasculopathy, and retinal angiomatous proliferation. Invest 
Ophthalmol Vis Sci 2010; 51:5914-9. [PMID: 20574013]. 

29. Hecker LA, Edwards AO, Ryu E, Tosakulwong N, Baratz 

KH, Brown WL, Charbel Issa P, Scholl HP, Pollok-Kopp B, 
Schmid-Kubista KE, Bailey KR, Oppermann M. Genetic 
control of the alternative pathway of complement in humans 
and age-related macular degeneration. Hum Mol Genet 
2010; 19:209-15. [PMID: 19825847]. 

30. Liu X, Zhao P, Tang S, Lu F, Hu J, Lei C, Yang X, Lin Y, Ma 

S, Yang J, Zhang D, Shi Y, Li T, Chen Y, Fan Y, Yang Z. 
Association study of complement factor H, C2, CFB, and 
C3 and age-related macular degeneration in a Han Chinese 
population. Retina 2010; 30:1177-84. [PMID: 20523265]. 

31. Yang X, Hu J, Zhang J, Guan H. Polymorphisms in CFH, 

HTRA1 and CX3CR1 confer risk to exudative age-related 
macular degeneration in Han Chinese. Br J Ophthalmol 
2010; 94:1211-4. [PMID: 20538655]. 

32. Tanaka K, Nakayama T, Yuzawa M, Wang Z, Kawamura 

A, Mori R, Nakashizuka H, Sato N, Mizutani Y. Analysis 
of candidate genes for age-related macular degenera- 
tion subtypes in the Japanese population. Mol Vis 2011; 
17:2751-8. [PMID: 22065928]. 

33. Tortajada A, Montes T, Martinez-Barricarte R, Morgan 

BP, Harris CL, de Cordoba SR. The disease-protective 



382 



Molecular Vision 2013; 19:374-383 <http://www.molvis.org/molvis/vl9/374> 

complement factor H allotypic variant Ile62 shows increased 
binding affinity for C3b and enhanced cofactor activity. 
Hum Mol Genet 2009; 18:3452-61. [PMID: 19549636]. 

34. Wells GA, Shea B, O'Connell D, Petersen J, Welch V, Losos M, 

Tugwell P. The Newcastle-Ottawa Scale (NOS) for assessing 
the quality of nonrandomized studies in meta-analyses. The 
Ottawa Health Research Institute, 2008. 

35. Ioannidis JP, Patsopoulos NA, Evangelou E. Heterogeneity in 

meta-analyses of genome-wide association investigations. 
PLoS ONE 2007; 2:e841-[PMID: 17786212]. 

36. Sivakumaran TA, Igo RP Jr, Kidd JM, Itsara A, Kopplin LJ, 

Chen W, Hagstrom SA, Peachey NS, Francis PJ, Klein ML, 
Chew EY, Ramprasad VL, Tay WT, Mitchell P, Seielstad M, 
Stambolian DE, Edwards AO, Lee KE, Leontiev DV, Jun 
G, Wang Y, Tian L, Qiu F, Henning AK, LaFramboise T, 
Sen P, Aarthi M, George R, Raman R, Das MK, Vijaya L, 



© 2013 Molecular Vision 

Kumaramanickavel G, Wong TY, Swaroop A, Abecasis GR, 
Klein R, Klein BE, Nickerson DA, Eichler EE, Iyengar SK. 
A 32 kb critical region excluding Y402H in CFH mediates 
risk for age-related macular degeneration. PLoS ONE 2011; 
6:e25598-[PMID: 22022419]. 

37. Kim SJ, Lee SJ, Kim NR, Chin HS. Association of poly- 

morphisms in C2, CFB and C3 with exudative age-related 
macular degeneration in a Korean population. Exp Eye Res 
2012; 96:42-7. [PMID: 22273503]. 

38. Nakata I, Yamashiro K, Yamada R, Gotoh N, Nakanishi H, 

Hayashi H, Akagi-Kurashige Y, Tsujikawa A, Otani A, 
Saito M, Iida T, Oishi A, Matsuo K, Tajima K, Matsuda F, 
Yoshimura N. Significance of C2/CFB variants in age-related 
macular degeneration and polypoidal choroidal vasculopathy 
in a Japanese population. Invest Ophthalmol Vis Sci 2012; 
53:794-8. [PMID: 22232432]. 



Articles are provided courtesy of Emory University and the Zhongshan Ophthalmic Center, Sun Yat-sen University, P.R. China. 
The print version of this article was created on 13 February 2013. This reflects all typographical corrections and errata to the 
article through that date. Details of any changes may be found in the online version of the article. 



383 



